MMy studies of fishes associated with macrophyte habitats have concentrated on describing and quantifying fishes associated with seagrass habitat (Heese and Jones 1963 , Briggs and O'Connor 1971 , Gilmore 1977 , Schooley 1977 , Orth and Heck 1980 , Martin and Cooper 1981 , Livingston 1982 , Stoner 1983 , Sogard eta/. 1987 , Heck eta/. 1989 , Sogard et a/. 1989a , 1989b . Briggs and O'Connor (1971) and Heck et a/. (1889) compared fishes occurring over naturally vegetated and sand/mud bottoms and Martin and Cooper (1981) and Stoner (1983) compared fishes found in pure stand of different seagrass species. These descriptive and comparative studies reveal the abundance and diversity of fishes occurring in seagrass habitats.
In contrast to seagrasses, the macroalgae habitats of shallow water estuaries have received little attention. ' Present address: Institute of Ecology, Ecology Building, University of Georgia, Athen, GA 30602
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These habitats often account for large portions of the submerged aquatic vegetation in lagoon systems of Florida (Thompson 1978 , Benz eta/. 1979 , White and Snodgrass 1990 .
Macroalgae habitats have both an attached and a drifting component (Dawes 1985) . Both attached and drifting macroalgae are found interspersed among seagrasses or as large aggregations removed from or adjacent to seagrasses (Thompson 1978, White and Snodgrass 1990) . Kulczycki et a/. (1981) studied fish abundance in relationship to drift algae in a seagrass-drift algae community. Their study found a positive relationship between drift algae abundance and abundance of two fishes, Gobiosoma robustum and Syngnathus scovelli. However, studies of macrophyte habitats have not investigated the relationship of fishes to attached macroalgae.
In this paper I describe the distribution and abundance of fishes in at-tached macroalgal habitat and compare them with nearby seagrass habitat in the Indian River lagoon, Florida. The wide distribution of the macroalgae, Caulerpa prolifera in Indian River lagoon during 1986 and 1987 allowed fishes occurring in near monospecific stands of the alga and the seagrass, Halodule wrightii to be collected and compared.
METHODS

Study Site Selection
This study was conducted in the Indian River lagoon near central Merritt Island (Figure 1 ). The lagoon is described in detail by Schneider et a!. (1974) , Gilmore (1977) , Schooley (1977 Schooley ( , 1980 , Mulligan and Snelson (1983) and Snodgrass (1990) .
I selected two study sites based on proximity of monospecific stands of the alga, Caulerpa prolifera and the seagrass, Halodu/e wrightii ( Figure 1 ). The sites were located in Banana River (Site 1) and Indian River (Site 2). Site 1 was subdivided into 99, 33 x 150m plots. This size plot allowed three seine samples to be collected in each macrophyte habitat (six in each plot) on a single day without overlap or disturbance of subsequent sampling areas. One plot was randomly selected for sampling each month. The size of Site 2 did not allow randomization of sampling and the same area was sampled each month. when possible. When condition did not allow completion of sampling on the same day, I completed sampling in a week. Site 1 was sampled in the morning and Site 2 in the afternoon throughout the study.
Between May and June 1987 the alga habitat at Site 2 disappeared, resulting in a sand/mud bottom. I continued sampling Site 2 throughout the study. However, samples collected over the sand/mud bottom are not used for analysis in this paper.
To investigate effects of physical parameters on fishes I measured dissolved oxygen, pH, salinity, temperature and water depth in each habitat at the time of sampling. Depth was measured at four randomly selected sites within each area seined or entrapped by throw net. One measure of the other parameters was taken at each sampling site in each habitat at the time of sampling.
I used a 6.1 m straight seine with 3.2 mm mesh as a barrier net and a 10.0 m bag seine with 1.6 mm mesh to sample fishes. The seines were setup 10.0m apart and the bag seine pulled to the straight seine then lifted from the water. This method sampled an estimated 61 m 2 • During September of 1986, I collected six seine samples in each macrophyte habitat at Site 1. Species accumulation curves constructed from these samples indicated that no further species were collected after three seine collections in either habitat. Based on this, I collected three seine samples a month in each habitat at each site.
To obtain more quantitative data on fish abundance and biomass I used a 1 m 2 throw net. The throw net construction followed Kushlan (1981) , with some modifications and used 3.2 mm mesh netting. The net was thrown from the front of a boat that was allowed to drift slowly onto the macrophyte bed being sampled. I removed fishes with a square Fishes in seagrass habitats 121 front dip net (3.2 mm mesh). Sampling method are described in detail by Snodgrass (1990) .
I processed all fish samples as follows: Fishes were preserved in 10% solution of formaldehyde and estuarine water in the field on warm days or on return to the laboratory on cooler days. Samples were transferred to denatured ethyl alcohol after two weeks for storage. Fishes were identified as to species, counted, and measured. Fishes were then dried at 100°C for 24 hours and weighed to the nearest 0.1 g.
I measured macrophyte biomass by removing all above ground vegetation in three randomly selected 0.03 m 2 areas in each area sampled. The vegetation was dried at 100°C for 24 hours and then weighed to the nearest 0.1 g. Data Analysis I used a minimum adult length to calculate the number of juvenile fishes occurring in a sample (lengths and references are given by Snodgrass [1990] ). To provide a measure of diversity I calculated Shannon Diversity Index using the following formula:
H' = -Lp;log p/, where p; = nJN for each seine sample.
For mean comparisons I used paired t-test for physical parameters and t-test for abundance, biomass, juvenile abundance, richness, and Shannon Diversity Index per seine tow. To investigate the relationship between fish abundance and biomass and physical parameters and macrophyte characteristics I used regression analysis. I included Site and habitat type in the regression analysis as binomial variables. Abundance and biomass data were normalized using a natural log transformation. I considered the results of all statistical tests significant at the p = 0.05 level.
RESULTS
There were no significant differences in dissolved oxygen, pH, salinity, or temperature between the two macrophyte habitats at Site 1 or Site 2 ( Table 1) . The difference in mean depth at Site 1, 0.19 m was less than Site 2, 0.38 m, and was significant in both cases.
Alga biomass was consistently higher than seagrass biomass at both sites ( Figure 2) . Biomass of the alga averaged 104.4 g m-2 at Site 1 and 82.5 g m-2 at Site 2 before algal loss. Seagrass biomass averaged 30.6 g m-2 and 24.1 g m -2 at Site 1 and Site 2, respectively.
A total of 132 seine samples resulted in the collection of 89,427 fishes during the study period. The alga habitat produced 8,187 fishes representing 27 species in 14 families, while the seagrass habitat produced 81,240 fishes representing 26 species in 13 families. Five species representing 5 families and 6 species representing 6 families were collected exclusively in alga and seagrass habitats, respectively.
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Lucania parva was the most abundant species collected at both sites in both rnacrophyte habitats ( Table 2) . The second most abundant species was Menidia peninsulae at Site 1 in both macrophyte habitats and Gobiosoma robustum at Site 2 in both macrophyte habitats. The three most abundant species accounted for 95% and 94% of the fishes collected at Site 1 from alga and seagrass habitats, respectively. Comparable values for Site 2 were 91% and 92%.
Some shifts in the dominant species occur when biomass is considered and Table 2 . Relative abundance and occurrence (np) of the 10 most abundant fish species collected between October 1986 and September 1987 using seines ,in alga and seagrass habitats of the Indian River lagoon. Occurrence is defined as the number of samples that the species occurred in divided by the total f'lumber of samples collected in each macrophyte type at each study site. Numbers in parenthesis are absolute ranks. 2 Relative abundance at Site 2 is based on 24 collection in alga beds and 36 collection in seagrass beds. the degree of dominance of the most abundant species decreases (Table 3) . The three most abundant species in terms of biomass at Site 1 made up 78% of the fish collected in alga and 90% of the fish collected in seagrass. At Site 2 they made up 60% of the fish collected in alga and 89% of the fish collected in seagrass.
Juveniles of 26 species were collected during the study period (Table 4) . Lucania parva, Poecilia Jatipinna, Menidia peninsu/ae, Gobiosoma robustum, and Microgobius gu/osus accounted for the majority of juveniles collected and occurred throughout the study period.
Mean abundance, biomass, richness, and juvenile abundance per seine tow were significantly greater for the seagrass habitat at both sites (Table 5 ). Mean Table 4 . List of juvenile fish species collected between October 1986 and September 1987 using seines in alga and seagrass habitats of Indian River lagoon and the months of their occurrence. Shannon Diversity was higher in seagrass at both sites, although this difference was not significant at either site. Thirty throw net collections were made in the alga habitat and 21 in the seag rass habitat at Site 1. L. parva was the most abundant species in all throw net collections. Mean fish abundance (66.0 fish/throw, SD = 15.8) and biomass (2.2 g/throw, SD = 0.5) collected in seagrass was significantly greater than mean fish abundance (19.7 fish/throw, SD = 3.2) and biomass (0.7 g/throw, SD = 0.1) colFishes in seagrass habitats 125 lected in alga.
The binomial variables, "alga" and "Site 2" were assigned values of zero (0) and "seagrass" and "Site 1" values of one (1) for inclusion in the regression analysis. The analysis was significant using both abundance and biomass per seine tow (F-test, p<0.05, Table 6 ). The independent variables, habitat, vegetation biomass, dissolved oxygen, pH, salinity, and depth were significant when abundance per seine tow was used as the dependent variable. When fish biomass was used, site and temperature became significant in addition to the above mentioned variable. Habitat accounted for the majority of the variability with the effects of other variables being relatively minor (Table 6 ).
DISCUSSION
Most of the species collected in this study can be classified as resident macrophyte habitat species, species that breed and carry out their life in the macrophyte habitat (Kikuchi 1980) . This is supported by the collection of juveniles of the more abundant species during most months of the study and the reported association of these species with seagrasses by other authors (Haese and Jones 1963 , Weinstein eta/. 1977 , Schooley 1977 , 1980 , Orth and Heck 1980 , Martin and Cooper 1981 , Livingston 1982 , Stoner 1983 . Because of the resident status of the species collected dial variations in abundance are probably minimal. Dial variation in abundance is more likely to occur among transient species, species that are active in the macrophyte habitat for a predictable portion of the day (Kikuchi 1980) . These species tend to be large motile predators often of sports or commercial interest. Because seines and throw nets are inefficient in sampling more motile fishes the abundance of transient species could not be compared.
While the seine and throw net methods I used do not provide absolute densities they do allow comparisons between alga and seagrass habitats. The relatively abundant species were much the same between macrophyte habitats with the exception of Poeci/ia latipinna and Anchoa mitchelli. Large numbers of P. /atipinna were collected in the seagrass habitat while few were collected in the alga habitats. P. latipinna prefers protected habitats and may be more abundant in seagrass habitats as a result of their protected nature. Water depths were significantly less in the seagrass habitats and seagrass habitats were located closer to shore at both sites.
At Site 2, two large collections of the epibenthic schooling species, A. mit· chelli, accounted for its relatively high abundance and biomass. This species is reported to be abundant in the open waters of the lagoon (Mulligan and Snelson 1983) and therefore is not considered to be associated with the alga habitat.
Comparison of relative biomass reveals differences between sites and between macrophyte habitats. However, these differences are limited to the relative biomass of Lagodon rhomboides. This species accounted for a substantial portion (31 %) of the fish biomass collected from the alga habitat at Site 1 while accounting for a small portion (~10) of the fish biomass collected from the macrophyte habitats at Site 2 and seagrass habitat at Site 1. This may be a result of sampling bias. The use of trawls or other more effective methods of sampling larger more motile species may reveal the occurrence <!lf large L. rhom-• boides in both macrophyte habitats at both study sites.
The most striking difference between alga habitat and seagrass habitat was the significantly greater abundance and biomass of fish collected from the seagrass habitat. I found fish abundance to be five times greater in Halodu/e when compared with Cau/erpa. This ratio is slightly higher than the ratios of 2.5 to 1 reported by Stoner (1983) and 4.8 to 1 reported by Martin and Cooper (1981) 
